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OPTICAL DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from Patent Application No. 2006-027028 ?led on 
Feb. 3, 2006 and Patent Application No. 2006-342853 ?led 
on Dec. 20, 2006, in the Japanese Patent Of?ce, of Which the 
contents are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical device suitable 

for use as a Wavelength-multiplex optical terminal for 
demultiplexing a light beam in a particular Wavelength range 
from signal light beams in various Wavelength range, i.e., 
light beams of communication service signal or video signal 
light beams, transmitted through an optical ?ber. 

2. Description of the Related Art 
With the recent development of Wavelength-multiplex 

communications using a ?ber ampli?er, it has become 
customary to monitor the amounts of optical signals at 
respective Wavelengths, adjust the amounts of optical sig 
nals, and then have an ampli?er amplify the optical signals 
in order to maintain desired ampli?er characteristics. 

Various processes are knoWn for monitoring the amounts 
of optical signals. According to the knoWn processes, since 
monitor devices are associated With respective optical ?bers, 
they are alone required to have a considerable siZe. 

There have been demands for a small-size monitor device 
Which is packaged With high density. A monitor device 
monitors an optical signal by extracting a portion of the 
optical signal. It is desirable for a monitor device to be able 
to monitor an optical signal Without signi?cantly attenuating 
the optical signal. 

Heretofore, solutions to the above problems and demands 
have been proposed in Japanese Laid-Open Patent Publica 
tion No. 2003-294990, Japanese Laid-Open Patent Publica 
tion No. 2003-294992, Japanese Laid-Open Patent Publica 
tion No. 2003-295000, WO03/096095, WO03/060584, and 
WO03/098293. 

In recent years, attempts have been made to add broad 
casting services as neW value-added services to FTTH (Fiber 
To The Home) services. A broadcasting doWnstream signal 
Wavelength is added to upstream and doWnstream signal 
Wavelengths of IP (Internet Protocol) services through a 
single optical ?ber in the neW services. In other Words, 
combined services for communication and broadcasting by 
the single-core, three-Wavelength optical ?ber have been 
proposed. 

In order to realiZe such combined communication and 
broadcasting services, a customer premises facility is 
required to include a B-ONU (Broadband Optical NetWork 
Unit) that is need for conventional IP services and a V-ONU 
(Video-Optical NetWork Unit) for receiving broadcasting 
services. Stated otherWise, the subscriber needs to have a 
Wavelength-multiplexing optical terminal for processing 
upstream and doWnstream signals having different Wave 
lengths. In the future, there is a possibility to transmit a 
doWnstream video signal at another Wavelength, and a 
Wavelength-multiplexing optical terminal for three Wave 
lengths Will be required to handle all those signals. 

The Wavelength-multiplexing optical terminal mainly 
comprises a WDM (Wavelength Division Multiplexing) 
?lter, a light-detecting unit (e.g., a photodiode) for receiving 
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2 
a doWnstream signal, and a light-emitting device (e.g., a 
laser diode) for transmitting an upstream signal. 

For demultiplexing Wavelengths With WDM ?lters, ordi 
nary ?lters are required to have an attenuating level of about 
25 dB in the cut-off range, but ?lters designed to meet 
special speci?cations are required to have an attenuating 
level of about 40 dB in the cut-off range. As shoWn in 
OPTCOM, March 2004, page 38, a bandpass ?lter (rejection 
?lter) may be inserted betWeen a WDM prism and a light 
detecting unit. 

Conventional Wavelength-multiplexing optical terminals 
are mainly classi?ed into a microoptics design using a lens 
and a PLC design using an optical Waveguide, as shoWn in 
OPTORONICS, January 2004, page 173. 

Since both designs employ a light transmitting component 
such as a lens or an optical Waveguide for guiding optical 
signals to a WDM ?lter, it is necessary to meet a most 
important requirement for optical components, i.e., optical 
alignment betWeen the optical ?ber and the light transmit 
ting component. Accordingly, the cost of the resultant 
assembly tends to be high and the connection is liable to be 
of loW reliability. 

For providing combined communication and broadcasting 
services inexpensively, there has been proposed a V-ONU 
compatible optical device having an integrated combination 
of a WDM function based on the microslitting technology 
(see “Standards of optical ?ber arrays and future trend”, 
OPTICAL ALLIANCE, November 2005) for directly slit 
ting an optical ?ber, and a light-detecting function. 
The V-ONU-compatible optical device fabricated accord 

ing to the microslitting technology comprises a Wavelength 
demultiplexing thin-?lm substrate inserted in an oblique silt 
directly de?ned in an optical ?ber and a light-detecting 
component disposed above the optical ?ber for detecting an 
optical signal beam demultiplexed by the Wavelength-de 
multiplexing thin-?lm substrate. The V-ONU-compatible 
optical device thus constructed is inexpensive to manufac 
ture, and yet incorporates an integrated combination of the 
Wavelength-demultiplexing function and the light-detecting 
function. 
A bandpass ?lter may be disposed on the optical path of 

the demultiplexed optical signal beam in order to increase 
the optical signal beam attenuation in the cut-off range. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
optical device fabricated according to the microslitting tech 
nology and having a bandpass ?lter disposed on the optical 
path of a demultiplexed optical signal beam, for effectively 
attenuating light re?ected from the bandpass ?lter to 
increase the characteristics of an overall system Which 
incorporates a V-ONU-compatible optical device. 
An optical device according to the present invention 

comprises an optical ?ber, an optical demultiplexer having 
an optical demultiplexing member for demultiplexing a 
portion of an optical signal beam transmitted through the 
optical ?ber, as a demultiplexed optical signal beam, and 
guiding the demultiplexed optical signal beam out of the 
optical ?ber, an optical path changer for changing an optical 
path of the demultiplexed optical signal beam guided out of 
the optical ?ber, a Waveguide serving as at least a medium 
from Which the demultiplexed optical signal beam is emitted 
to the optical path changer, and a ?lter disposed on a surface 
of the Waveguide, Wherein an angle of incidence of the 
demultiplexed optical signal beam on the ?lter is equal to or 
greater than 05°. 
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The demultiplexed optical signal beam from the optical 
demultiplexing member has its optical path changed by the 
optical path changer, and is emitted through the ?lter on the 
surface of the Waveguide into air, for example. If the 
demultiplexed optical signal beam is applied perpendicu 
larly to the ?lter, a portion of the demultiplexed optical 
signal beam may be re?ected by the surface of the ?lter, i.e., 
the interface betWeen the ?lter and air, and return as a 
re?ected beam to the optical path changer, the optical 
demultiplexer, and the optical ?ber. 

In broadcasting services provided through the optical 
?ber, it is necessary to produce a large optical signal output 
level, and re?ected beams should desirably be reduced 
because even Weak re?ected beams tend to serve as an 

unstable element in the overall system. 
According to the present invention, the angle of incidence 

of the demultiplexed optical signal beam on the ?lter is equal 
to or greater than 0.5°. The angle of incidence thus selected 
alloWs the attenuated level of the re?ected beam to be at 
least —30 dB or less, for thereby greatly reducing the effect 
of the re?ected beam. 

The optical device according to the present invention is 
fabricated according to the microslitting technology and has 
the bandpass ?lter placed on the optical path of the demul 
tiplexed optical signal beam. The optical device is capable of 
effectively attenuating the beam re?ected from the bandpass 
?lter. Consequently, the optical device alloWs a system 
incorporating a V-ONU-compatible optical device to have 
improved overall characteristics. 
At least a medium from Which the beam is emitted to the 

optical path changer comprises the Waveguide, and the ?lter 
is disposed on the Waveguide. Consequently, the medium to 
Which the beam is emitted from the optical path changer 
(changing its optical path) and the medium from Which the 
beam is applied to the ?lter are identical to each other. 
Therefore, the medium is optically uniform for improved 
and stable characteristics. 

According to the present invention, in vieW of the dif 
fraction angle (spreading angle) of the demultiplexed optical 
signal beam, the angle of incidence of the demultiplexed 
optical signal beam on the ?lter should preferably be equal 
to or greater than 1°. 

According to the present invention, preferably, the optical 
path changer comprises a totally re?ecting mirror, and if it 
is assumed that the totally re?ecting mirror is inclined to the 
optical axis of the optical ?ber by an angle 61, an angle 62 
is formed betWeen the demultiplexed optical signal beam 
re?ected by the totally re?ecting mirror and the totally 
re?ecting mirror, and the optical ?lter is inclined to the 
optical axis of the optical ?ber by an angle 63, then the 
angles satisfy the folloWing equation: 

The angle 63 of inclination may include 0°. 
According to the present invention, the optical demulti 

plexer should preferably have a slit de?ned in the optical 
?ber across an optical axis thereof, and an optical demulti 
plexing member inserted in the slit for demultiplexing the 
portion of the optical signal beam transmitted through the 
optical ?ber. 

According to the present invention, the optical demulti 
plexing member may comprise a Wavelength demultiplexing 
?lter, and the ?lter disposed on a surface of the Waveguide 
may comprise a bandpass ?lter for passing a light beam in 
a particular Wavelength range of the demultiplexed optical 
signal beam. The bandpass ?lter may have an attenuating 
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4 
level of about 40 dB, for example, in the cut-off range, 
providing increased isolation betWeen the pass range and the 
cut-off range. 

According to the present invention, if the Waveguide 
serves as both a medium from Which the beam is emitted to 
the optical path changer and to Which the beam is emitted 
from the optical path changer, then not only the beam is 
emitted (changing its optical path) from the optical path 
changer and applied to the bandpass ?lter, but also the beam 
is applied to the optical path changer, through the same 
medium, Whereby a more uniform optical path can desirably 
be achieved. 

For reducing the length of the optical path and enhancing 
the optical uniformity of the optical path of the demulti 
plexed optical signal beam, the Waveguide may be disposed 
directly above the optical ?ber. 

According to the present invention, the optical path 
changer may comprise a guide, the Waveguide and the guide 
being juxtaposed on a surface of the optical ?ber, and a 
totally re?ecting ?lm disposed on an end face of the guide 
Which faces the Waveguide. 

According to the present invention, the optical path 
changer may comprise a totally re?ecting ?lm disposed on 
an end face of the Waveguide Which is present on the optical 
path of the demultiplexed optical signal beam. With this 
arrangement, the guide Which is referred to above may be 
dispensed With. 
As can be understood from the foregoing description, 

according to the present invention, the light-detecting device 
disposed on the optical path of the beam that has passed 
through the ?lter disposed on the surface of the Waveguide 
makes it possible to provide an excellent Wavelength-mul 
tiplexing receiving device. 
As described above, the optical device according to the 

present invention is fabricated according to the microslitting 
technology and has the bandpass ?lter placed on the optical 
path of the demultiplexed optical signal beam. The optical 
device is capable of effectively attenuating the beam 
re?ected from the bandpass ?lter. Consequently, the optical 
device alloWs a system incorporating a V-ONU-compatible 
optical device to have improved overall characteristics. 
The above and other objects, features, and advantages of 

the present invention Will become more apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings in Which preferred embodiments of 
the present invention are shoWn by Way of illustrative 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary cross-sectional vieW of an optical 
device according to a ?rst embodiment of the present 
invention; 

FIG. 2 is an enlarged cross-sectional vieW of the optical 
device taken along line II-II of FIG. 1; 

FIG. 3A is a fragmentary cross-sectional vieW of an 
optical device according to a ?rst speci?c example; 

FIG. 3B is a fragmentary cross-sectional vieW of an 
optical device according to a second speci?c example; 

FIG. 4A is a fragmentary cross-sectional vieW of an 
optical device according to a third speci?c example; 

FIG. 4B is a fragmentary cross-sectional vieW of an 
optical device according to a fourth speci?c example; 

FIG. 5 is a diagram shoWing the results of an experiment 
Which Was conducted to observe attenuated levels of 
re?ected light at different angles 63 of inclination of a ?lter; 
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FIG. 6 is a fragmentary cross-sectional vieW of an optical 
device according to a second embodiment of the present 
invention; 

FIG. 7 is a fragmentary cross-sectional vieW of an optical 
device according to a third embodiment of the present 
invention; and 

FIG. 8 is a fragmentary cross-sectional vieW of an optical 
device according to a fourth embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Optical devices according to embodiments of the present 
invention Will be described beloW With reference to FIGS. 1 
through 8. Like or corresponding parts are denoted by like 
or corresponding reference characters throughout vieWs. 
As shoWn in FIGS. 1 and 2, an optical device 10A 

according to a ?rst embodiment of the present invention 
comprises an optical ?ber mount 12, an optical demulti 
plexer 14, a Waveguide 16, a ?lter 18, and a light-detecting 
unit 20. 

The optical ?ber mount 12 comprises a glass substrate 22 
With at least one ?xing groove 24 in the form of a V-shaped 
groove (see FIG. 2) or a semicircular groove de?ned therein. 
An optical ?ber 26 is ?xedly secured in the ?xing groove 24 
by a securing adhesive 28. 

The optical demultiplexer 14 has a slit 32 Which is de?ned 
in the optical ?ber 26 and the optical ?ber mount 12 and 
extends obliquely across the optical axis of a core 30 of the 
optical ?ber 26, and an optical demultiplexing member 36 
inserted in the slit 32 for demultiplexing a portion of an 
optical signal beam 34 transmitted through the optical ?ber 
26, as a demultiplexed optical signal beam 38. The demul 
tiplexed optical signal beam 38 from the optical demulti 
plexing member 36 is guided out of the optical ?ber 26. The 
optical demultiplexing member 36 inserted in the slit 32 
comprises a Wavelength-division multiplexing ?lter (WDM 
?lter) for demultiplexing an optical signal beam component 
in a certain Wavelength range from the optical signal beam 
34 transmitted through the optical ?ber 26. The optical 
demultiplexing member 36 comprises a multilayer ?lm 
disposed on the surface of a quartz glass sheet. 

The slit 32 extends obliquely across the optical axis of the 
core 30 of the optical ?ber 26 and has its loWer end 
positioned beloW the bottom of the ?xing groove 24. The slit 
32 should preferably have a Width ranging from 5 to 50 pm. 
If the Width of the slit 32 is smaller than 5 um, then the 
optical demultiplexing member 36 is too thin to be inserted 
easily in the slit 32. If the Width of the slit 32 is greater than 
50 um, then the optical demultiplexing member 36 causes 
too large excess loss to lend itself to actual speci?cations. 
The depth of the slit 32 should preferably be in the range 
from 130 to 250 um. If the depth of the slit 32 is smaller than 
130 um, then the ?xing groove 24 may possibly terminate 
someWhere in the optical ?ber 26 While it is being formed, 
and may possibly tend to serve as a starting point for causing 
damage to the optical ?ber 26. If the depth of the slit 32 is 
greater than 250 um, it may possibly invite a reduction in the 
mechanical strength of the glass substrate 22. A refractive 
index matching agent is placed betWeen inner Wall surfaces 
of the slit 32 and the optical demultiplexing member 36. In 
the present embodiment, the slit 32 has a Width of 30 um and 
is inclined to a line perpendicular to the optical axis of the 
optical ?ber 26 by an angle 6d of 8°. The line perpendicular 
to the optical axis of the optical ?ber 26 Will be referred to 
as a perpendicular line. 
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6 
The ?lter 18 is disposed on the surface of the Waveguide 

16. The ?lter 18, Which comprises a thin ?lm, serves as a 
bandpass ?lter (BPF) for passing an optical signal beam in 
a particular Wavelength range of the demultiplexed optical 
signal beam 38 from the optical demultiplexer 14. The BPF 
18 has an attenuating level of about 40 dB in the cut-off 
range for the demultiplexed optical signal beam 38 from the 
optical demultiplexer 14, providing increased isolation 
betWeen the pass range and the cut-off range. 
An optical path changer 40 is disposed on the surface of 

the optical ?ber 26 in juxtaposed relation to the Waveguide 
16. The optical path changer 40 is arranged to change the 
optical path of the demultiplexed optical signal beam 38 that 
has been guided out of the optical ?ber 26. 
The optical path changer 40 comprises a guide 42 made 

of glass or ceramics, for example, and a totally re?ecting 
?lm 44 (totally re?ecting mirror) disposed on an end face of 
the guide 42 Which faces the Waveguide 16. The end face of 
the guide 42 and an end face of the Waveguide 16 Which 
faces the guide optical path changer 40 are inclined through 
substantially the same angle. The guide 42 functions as a 
positioning member for mounting the Waveguide 16 and also 
as a ?xing member for securing the Waveguide 16 in place. 
The light-detecting unit 20 is disposed on the optical path 

of the demultiplexed optical signal beam 38 that has passed 
through the ?lter 18. The light-detecting unit 20 comprises 
a CAN-type photodiode 46 and a housing 48 housing the 
photodiode 46 therein. 
The photodiode 46 has a base 50 and a chip 52 mounted 

on the base 50 and having a light-detecting surface. AWiring 
pattern (not shoWn) for electrical connection to a plurality of 
external terminals 54 is disposed on the base 50. The chip 52 
is electrically connected to the Wiring pattern by bonding 
Wires 56. The housing 48 has a ?rst through hole 58 de?ned 
therein Which houses the photodiode 46 therein and a second 
through hole 60 de?ned therein Which communicates With 
the ?rst through hole 58. The demultiplexed optical signal 
beam 38 that has passed through the ?lter 18 passes through 
the second through hole 60. The second through hole 60 has 
an opening Width smaller than the transverse Width of the 
base 50. The second through hole 60 accommodates therein 
a light transmission medium Which may be an adhesive 
having a refractive index that is substantially the same as the 
refractive index of the optical ?ber 26 and the Waveguide 16. 
The light transmission medium may alternatively be air. 

If the light-detecting device is disposed over the substrate 
and has its light-detecting surface positioned on the optical 
path of the demultiplexed optical signal beam 38 from the 
optical demultiplexer 14, the light-detecting device may be 
mounted on the optical ?ber mount 12 With a spacer inter 
posed therebetWeen. HoWever, since the optical path 
changer 40 and the Waveguide 16 exist on the optical ?ber 
26, if such a spacer is employed, then dif?culty arises in 
assembling and manufacturing the optical device, making it 
costly to manufacture the optical device. 

With the optical device 10A according to the ?rst embodi 
ment, the photodiode 46 is accommodated in the ?rst 
through hole 58 de?ned in the housing 48 of the light 
detecting unit 20, and the demultiplexed optical signal beam 
38 from the optical demultiplexer 14 passes through the 
second through hole 60 Which communicates With the ?rst 
through hole 58 and has an opening Width smaller than the 
transverse Width of the base 50 of the photodiode 46. A step 
62 disposed betWeen the ?rst through hole 58 and the second 
through hole 60 serves as a spacer for the photodiode 46. 
Since the photodiode 46 can be installed in place simply by 
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placing the housing 48 on the guide 42 and the Waveguide 
16, the ?rst optical device 10A can easily be assembled and 
manufactured at a loW cost. 

The optical ?ber 26 has a tapered surface 70 for position 
ing the optical path changer 40 in the ?rst embodiment 
according to the present invention. 

Speci?cally, the optical ?ber 26 has a cladding layer 72 
including a step de?ned axially betWeen a loWer step surface 
74 and a higher step surface 76 of the cladding layer 72. The 
guide 42 of the optical path changer 40 is disposed on the 
loWer step surface 74, and the Waveguide 16 is disposed on 
the tapered surface 70 and the higher step surface 76, i.e., an 
upper surface of the cladding layer 72 having a regular 
thickness. 
A gap betWeen the surface of the optical ?ber 26 and the 

Waveguide 16 and a gap betWeen the Waveguide 16 and the 
optical path changer 40 are ?lled With a refractive index 
matching agent (adhesive) 80. 

According to the ?rst embodiment, the angle of incidence 
of the demultiplexed optical signal beam 38 on the ?lter 18 
is 0.5° or greater. 

Four speci?c structures Wherein the angle of incidence of 
the demultiplexed optical signal beam 38 on the ?lter 18 is 
0.5° or greater Will be described beloW With reference to 
FIGS. 3A, 3B and 4A, 4B. 
As shoWn in FIG. 3A, an optical device 10Aa according 

to a ?rst speci?c example is constructed such that if the 
totally re?ecting ?lm 44 is inclined to the optical axis of the 
optical ?ber 26 by an angle 61, an angle 62 is formed 
betWeen the demultiplexed optical signal beam 38 re?ected 
by the totally re?ecting ?lm 44 and the totally re?ecting ?lm 
44, and the optical ?lter 18 is inclined to the optical axis of 
the optical ?ber 26 by an angle 63, then these angles satisfy 
the folloWing equation (1): 

The angle 62 is determined When the optical signal beam 
propagated through the optical ?ber 26 is re?ected by the 
optical demultiplexing member 36, travels through the 
Waveguide 16, and is then re?ected by the totally re?ecting 
?lm 44. 

According to the ?rst speci?c example, the angle 63 of 
inclination of the ?lter 18 is 0°, and the sum of the angles 
61+62 is smaller than 90°, in particular, smaller than 895°. 
These speci?c angle values satisfy the above equation (1). 
The structure can easily be realiZed by changing the angle 61 
of inclination and changing the position of the slit 32 in the 
optical ?ber 26. 
As shoWn in FIG. 3B, an optical device 10Ab according 

to a second speci?c example resides in that the angle 63 of 
inclination of the ?lter 18 is 0°, and the sum of the angles 
61+62 is greater than 90°, in particular, equal to or greater 
than 90.5°. These speci?c angle values satisfy the above 
equation (1). The structure can easily be realiZed by chang 
ing the angle 61 of inclination and changing the position of 
the slit 32 in the optical ?ber 26. 
As shoWn in FIG. 4A, an optical device 10Ac according 

to a third speci?c example resides in that the sum of the 
angles 61+62 is 90°, and the angle 63 of inclination of the 
?lter 18 is equal to or greater than +0.5°. These speci?c 
angle values satisfy the above equation (1). The structure 
can easily be realiZed by changing the angle 63 of inclina 
tion. 
As shoWn in FIG. 4B, an optical device 10Ad according 

to a fourth speci?c example resides in that the sum of the 
angles 61+62 is 90°, and the angle 63 of inclination of the 
?lter 18 is equal to or smaller than —0.5°. These speci?c 
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8 
angle values satisfy the above equation (1). The structure 
can easily be realiZed by changing the angle 63 of inclina 
tion. 

In each of the optical devices 10Aa, 10Ab according to 
the ?rst and second speci?c examples, the angle 63 of 
inclination is set to a speci?c value. In each of the optical 
devices 10Ac, 10Ad according to the third and fourth 
speci?c examples, the sum of the angles 61+62 is set to a 
speci?c value. HoWever, the values of the angles 61, 62, 63 
may be varied to satisfy the above equation (1). 

Operation of the optical device 10A according to the ?rst 
embodiment Will be described beloW. An optical signal beam 
component in a particular Wavelength range of the optical 
signal beam 34 transmitted through the optical ?ber 26 is 
demultiplexed by the optical demultiplexer 14, and guided 
as the demultiplexed optical signal beam 38 out of the 
optical ?ber 26. Other optical signal beam components are 
transmitted as the optical signal beam 34 through the optical 
?ber 26. 
The demultiplexed optical signal beam 38 that is guided 

out of the optical ?ber 26 travels successively through the 
cladding layer 72 and the refractive index matching agent 
80, and enters the Waveguide 16. In the Waveguide 16, the 
demultiplexed optical signal beam 38 travels substantially 
straight to the end face of the Waveguide 16 and the 
refractive index matching agent 80, and then is applied to 
and re?ected by the totally re?ecting ?lm 44 of the optical 
path changer 40 to change its optical path. The demulti 
plexed optical signal beam 38 is then propagated through the 
Waveguide 16 and passes through the ?lter 18 on the surface 
of the Waveguide 16. 

If the demultiplexed optical signal beam 38 is applied 
perpendicularly to the ?lter 18, a portion of the demulti 
plexed optical signal beam 38 may be re?ected by the 
surface of the ?lter 18, i.e., the interface betWeen the ?lter 
18 and air, and return as a re?ected beam to the optical path 
changer 40, the optical demultiplexer 14, and the optical 
?ber 26. 

In broadcasting services provided through the optical ?ber 
26, it is necessary to produce a large optical signal output 
level, and re?ected beams should desirably be reduced 
because even Weak re?ected beams tend to serve as an 

unstable element in the overall system. 
With the optical device 10A according to the ?rst embodi 

ment, since the angle of incidence of the demultiplexed 
optical signal beam 38 on the ?lter 18 is 0.5° or greater, the 
attenuated level of the re?ected beam from the surface of the 
?lter 18 is greater than if the demultiplexed optical signal 
beam 38 is applied perpendicularly to the ?lter 18. 
An experimental example Will be described beloW. In the 

experimental example, the angle 63 of inclination of the 
?lter 18 Was changed to successive different values in the 
optical device 10Ac according to the third speci?c example 
shoWn in FIG. 4A, and the respective graduated levels of the 
re?ected beams Were measured. FIG. 5 shoWs the experi 
mental results. 

In FIG. 5, the attenuated level of the re?ected beam is —30 
dB When the angle 63 of inclination of the ?lter 18 is 0.5°, 
—36 dB When 63:l.2°, —40 dB When 63:2.2°, —42 dB When 
63:3.2°, —44 dB When 63:4.2°, and —45 dB When 63:5.4°. 
By setting the angle 63 of inclination of the ?lter 18, i.e., the 
angle of incidence of the demultiplexed optical signal beam 
38, to 0.5°, the re?ected beam re?ected from the surface of 
the ?lter 18, i.e., the interface betWeen the ?lter 18 and air, 
and returning to the optical ?ber 26 is attenuated to —30 dB. 
If the angle 63 of inclination of the ?lter 18 is 1° or greater, 
then the re?ected beam can be attenuated more. Therefore, 
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the re?ected beam can su?iciently be attenuated even in 
vieW of the diffraction angle (spreading angle) of the demul 
tiplexed optical signal beam 38. 

The optical device 10A according to the ?rst embodiment 
is fabricated according to the microslitting technology and 
has the ?lter 18 placed on the optical path of the demulti 
plexed optical signal beam 38. The optical device 10A is 
capable of effectively attenuating the beam re?ected from 
the ?lter 18. Consequently, the optical device 10A alloWs a 
system incorporating a V-ONU-compatible optical device to 
have improved overall characteristics. 

According to the ?rst embodiment, since the tapered 
surface 70 on the surface of the optical ?ber 26 doubles as 
a positioning member for positioning the optical path 
changer 40 With respect to the optical ?ber 26, the optical 
device 10A can be assembled With ease. 

The optical device 10A according to the ?rst embodiment 
can be used to realiZe Wavelength ?lter components, Wave 
length-multiplexing receiving devices, and transmitting/re 
ceiving devices Without the need for lenses and optical 
transmission devices. 

A Wavelength ?lter component can be produced by insert 
ing the Wavelength demultiplexing ?lter into the slit 32, and 
a Wavelength-multiplexing receiving device can be pro 
duced by installing the photodiode 46 for detecting the 
demultiplexed optical signal beam 38 Which has been guided 
out of the optical ?ber 26 from the optical demultiplexer 14. 

With the ?lter 18 being in the form of a BPF, the ?lter 18 
can provide better characteristics (a desired attenuating level 
in the cut-off range) if the angle of incidence of the beam on 
the ?lter 18 is smaller. If the angle of incidence of the beam 
on the ?lter 18 is simply to be reduced, then the optical path 
changer 40 for reducing the angle of incidence needs to be 
provided betWeen the optical demultiplexer 14 and the 
photodiode 46, and the ?lter 18 needs to be provided 
betWeen the optical path changer 40 and the photodiode 46. 
Therefore, the optical path from the optical demultiplexer 14 
to the photodiode 46 has an increased length tending to 
increase the loss. 

According to the ?rst embodiment, hoWever, a medium 
from Which the beam is emitted to the optical path changer 
40 or a medium from Which the beam is emitted to the 
optical path changer 40 and to Which the beam is emitted 
from the optical path changer 40 comprises the Waveguide 
16, and the ?lter 18 is disposed on the Waveguide 16. 
Consequently, the angle of incidence of the beam on the 
?lter 18 is reduced, and the length of the optical path from 
the optical demultiplexer 14 to the photodiode 46 is pre 
vented from being increased. Furthermore, the medium from 
Which the beam is emitted to the optical path changer 40 and 
the medium from Which the beam is applied to the ?lter 18 
are identical to each other, i.e., the Waveguide 16. Therefore, 
the medium is optically uniform for better and stable char 
acteristics. 

As described above, the optical demultiplexing member 
36 comprises a Wavelength demultiplexing ?lter and the 
?lter 18 comprises a BPF. Therefore, the attenuating level in 
the cut-off range may be of about 40 dB, for example, 
providing increased isolation betWeen the pass range and the 
cut-off range. 

Because the Waveguide 16 is disposed directly above the 
optical ?ber 26, the length of the optical path of the 
demultiplexed optical signal beam 38 is reduced, and the 
thickness of the refractive index matching agent 80 disposed 
betWeen the optical ?ber 26 and the Waveguide 16 is also 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
reduced. The optically unstable region (adhesive layer) is 
thus reduced for enhanced optical uniformity of the demul 
tiplexing optical path. 
An optical device 10B according to a second embodiment 

of the present invention Will be described beloW With 
reference to FIG. 6. 
As shoWn in FIG. 6, the optical device 10B differs from 

the optical device 10A in that a lens-combined CAN-type 
photodiode 82 is accommodated in the ?rst through hole 58 
in the housing 48. 
The lens-combined CAN-type photodiode 82 comprises a 

CAN-type photodiode 84 and a ball lens 86 mounted thereon 
Which has a diameter of 1.5 mm, for example. The ball lens 
86 is accommodated in the ?rst through hole 58 such that it 
faces the ?lter 18, thereby designing the optical device 10B 
With ease. 

An optical device 10C according to a third embodiment of 
the present invention Will be described beloW With reference 
to FIG. 7. 
As shoWn in FIG. 7, the optical device 10C differs from 

the optical device 10B according to the second embodiment 
in that the guide 42 of the optical path changer 40 and the 
Waveguide 16 With the ?lter 18 disposed on the upper 
surface thereof are accommodated in the ?rst through hole 
58 in the housing 48. 
The optical device 10C alloWs the ?lter 18 (thin ?lm) to 

be formed in a reduced area for e?iciently utiliZing the thin 
?lm of the ?lter 18. A step 88 having a dimension ranging 
from 0.03 to 0.15 mm should preferably be disposed 
betWeen the upper surface of the guide 42 and the upper 
surface of the Waveguide 16. The step 88 is effective to 
prevent the refractive index matching agent 80 from pro 
truding onto the surface of the ?lter 18 When the guide 42 
and the Waveguide 16 are installed in place. 
An optical device 10D according to a fourth embodiment 

of the present invention Will be described beloW With 
reference to FIG. 8. 
As shoWn in FIG. 8, the optical device 10D is of sub 

stantially the same structure as the optical device 10A 
according to the ?rst embodiment except that the optical 
path changer 40 comprises a totally re?ecting ?lm 90 
disposed on the end face of the Waveguide 16 Which is 
present on the optical path of the demultiplexed optical 
signal beam 38, and the guide 42 (see FIG. 1) is dispensed 
With. The totally re?ecting ?lm 90 may comprise a thin 
metal ?lm of Au (gold), Al (aluminum), or the like. 

With the structure of the optical device 10D, the 
Waveguide 16 can have a function to change the optical path 
of the demultiplexed optical signal beam 38 Without the 
need for the guide 42 on the optical ?ber 26. The optical 
device 10D is thus made up of a reduced number of parts, 
is manufactured by a simpler manufacturing process, su?‘ers 
reduced manufacturing and assembling errors, and has the 
production e?iciency improved. 

Although certain preferred embodiments of the present 
invention have been shoWn and described in detail, it should 
be understood that various changes and modi?cations may 
be made therein Without departing from the scope of the 
appended claims. 

What is claimed is: 
1. An optical device comprising: 
an optical ?ber; 
an optical demultiplexer having an optical demultiplexing 
member for demultiplexing a portion of an optical 
signal beam transmitted through said optical ?ber, as a 
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demultiplexed optical signal beam, and guiding the 
demultiplexed optical signal beam out of said optical 
?ber; 

an optical path changer for changing an optical path of 
said demultiplexed optical signal beam guided out of 
said optical ?ber; 

a Waveguide serving as at least a medium from Which said 
demultiplexed optical signal beam is emitted to said 
optical path changer; and 

a ?lter disposed on a surface of said Waveguide; 
Wherein an angle of incidence of said demultiplexed 

optical signal beam on said ?lter is equal to or greater 
than 0.5°. 

2. An optical device according to claim 1, Wherein said 
angle of incidence of said demultiplexed optical signal beam 
on said ?lter is equal to or greater than 1°. 

3. An optical device according to claim 1, Wherein said 
optical path changer comprises a totally re?ecting mirror, 
and if it is assumed that said totally re?ecting mirror is 
inclined to the optical axis of said optical ?ber by an angle 
61, an angle 62 is formed betWeen said demultiplexed 
optical signal beam re?ected by said totally re?ecting mirror 
and said totally re?ecting mirror, and said optical ?lter is 
inclined to the optical axis of said optical ?ber by an angle 
63, then said angles satisfy the folloWing equation: 

4. An optical device according to claim 1, Wherein said 
optical demultiplexer has a slit de?ned in said optical ?ber 
across an optical axis thereof, and said optical demultiplex 
ing member inserted in the slit for demultiplexing the 
portion of the optical signal beam transmitted through said 
optical ?ber. 
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5. An optical device according to claim 1, Wherein said 

optical demultiplexing member comprises a Wavelength 
demultiplexing ?lter, and said ?lter comprises a bandpass 
?lter for passing a light beam in a particular Wavelength 
range of said demultiplexed optical signal beam. 

6. An optical device according to claim 1, Wherein said 
Waveguide serves as a medium from Which said demulti 
plexed optical signal beam is emitted to said optical path 
changer and to Which said demultiplexed optical signal 
beam is emitted from said optical path changer. 

7. An optical device according to claim 1, Wherein said 
Waveguide is disposed directly above said optical ?ber. 

8. An optical device according to claim 1, Wherein said 
optical path changer comprises: 

a guide, said Waveguide and said guide being juxtaposed 
on a surface of said optical ?ber; and 

a totally re?ecting ?lm disposed on an end face of said 
guide Which faces said Waveguide. 

9. An optical device according to claim 1, Wherein said 
optical path changer comprises a totally re?ecting ?lm 
disposed on an end face of said Waveguide Which is present 
on the optical path of said demultiplexed optical signal 
beam. 

10. An optical device according to claim 1, further com 
prising: 

a light-detecting unit disposed on the optical path of said 
demultiplexed optical signal beam Which has passed 
through said ?lter disposed on the surface of said 
Waveguide. 


